Methotrexate has received much attention in recent literature as an effective agent for the treatment of rheumatoid arthritis. Potential and observed toxicity from methotrexate compares very favorably with other cytotoxic and disease-modifying agents used to treat resistant rheumatoid arthritis, especially with regard to bone marrow suppression and future oncogenesis. Long-term liver toxicity, the incidence of which appears to be rare with low-dose therapy, remains an issue. Because of its relative safety, methotrexate seems a logical agent for the treatment of other arthropathies and connective tissue diseases. This paper reviews what has been written about methotrexate as treatment for a variety of inflammatory conditions other than rheumatoid arthritis. Wider application of this agent is expected in the future for the treatment of these kinds of conditions.
drofolate reductase, have been used in cancer and leukemia therapy since 1947. 1 More recently, the antimetabolite MTX has become a valuable alternative treatment for non-neoplastic diseases.
This article will attempt to review the use of MTX in the treatment of a variety of arthritic disorders and other connective tissue diseases.
Clinical pharmacology and mechanism(s) of action
Oral MTX (5-15 mg) is rapidly and completely absorbed. 2 The peak plasma concentration is reached in one to two hours. The mean elimination half-life of MTX is approximately eight hours. 3 Within 24 hours, 80-90% of the administered dose is excreted unchanged in the urine, renal excretion being a major route of drug elimination. 4 Although tubular secretion has been demonstrated, glomerular filtration plays the most important role. 5 Competitive protein binding of other drugs is of little clinical importance because only 50-60% of MTX is bound to plasma albumin. 6 On the other hand, because glomerular filtration plays a large part in the elimination of MTX, aminoglycosides and other drugs with potential renal toxicity should be used with care in patients receiving MTX. In addition, weak organic acids including aspirin and other nonsteroidal anti- inflammatory drugs, penicillin, and sulfonamides can competitively inhibit the tubular secretion of MTX, resulting in raised plasma concentrations of the drug. 5, 7 With low doses of MTX these interactions are clinically insignificant. On the other hand, probenecid can completely block the renal tubular secretion of MTX and should be avoided.
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The mechanism(s) by which MTX exerts its effects on inflammatory or autoimmune disease is poorly understood. High-dose (100-250 mg/ mm 2 /wk) or consecutive-day therapy (15-25 mg/ mm 2 ) in human subjects depresses antibody response to a variety of common antigens 9 ' 10 and blocks lymphocyte transformation as well as delayed hypersensitivity responses to the usual battery of antigens.
11.
However, the information for low-dose, pulse therapy is less clear.
The prospective double-blind studies comparing MTX with placebo in rheumatoid arthritis show that low-dose, pulse MTX (7.5-15 mg/wk) therapy significantly lowers acute-phase reactants but has no consistent effect on cellular measures.
13 ' 14 These studies also demonstrate that disease suppression occurs quickly (3-4 weeks) after the initiation of MTX therapy and that disease activity returns as quickly after discontinuation of the drug, timing more often associated with anti-inflammatory agents than with immunosuppressive drugs.
14, 5 This seems in keeping with an animal study comparing physiologically equal doses of MTX, Cytoxan, and 6-mercaptopurine as anti-inflammatory agents 16 in which MTX proved superior.
On the other hand two recent abstracts show that MTX lowered peripheral blood suppressor lymphocytes in 20 patients being treated with low-dose, pulse MTX for 28.5 months 17 and specifically suppressed monocyte rheumatoid factor production in treated patients and in cell culture.
18 MTX also appears to provide long-term effective therapy and apparently shows increasing efficacy with time, 1, and patients treated with this drug probably have a higher incidence of herpes zoster when compared with controlsboth characteristics of immune modulators.
Methotrexate thus appears to act as an antiinflammatory agent with subtle immune-modulating properties.
Methotrexate in the treatment of arthritis

Rheumatoid arthritis
Uncontrolled studies: MTX and aminopterin were first used to treat rheumatoid arthritis in the early 1950s. Gubner 21 treated seven patients with rheumatoid arthritis using 1 -2 mg of MTX daily for seven to 11 days, followed by drug-free periods. Clinically significant reduction of disease activity was noted in six of these patients. Subsequent German studies 22, 23 demonstrated that other cytotoxic drugs could be combined with MTX to treat rheumatoid arthritis effectively.
Little else was written until the report of 29 patients treated for severe rheumatoid arthritis by Hoffmeister in 1972 . 24 Moderate to marked improvement of morning stiffness, fatigue, active joint count, and erythrocyte sedimentation rate was observed in approximately half of these pa- Table 1) . In these studies MTX was given in weekly pulse doses. Two of the studies were designed as parallel trials, the other three as crossover studies. MTX was given in a dose of 7.5 mg per week throughout the study, 33 or in escalating doses ranging up to 25 mg per week given either in single doses or in three equally divided doses spaced 12 hours apart. Significant improvement in global assessment, articular index, morning stiffness, and Westergren sedimentation rate was demonstrated in all studies in which these parameters of efficacy were measured. Two studies suggested lowering of rheumatoid factor.
14 ' 33 Two studies showed lowering of immunoglobulin levels in treated patients. 13 ' 33 Our study 33 demonstrated that a dose of 7.5 mg per week was effective without need for dose escalation.
Acute toxicity in these studies was usually manageable by manipulation of the dose of MTX. Nearly one-third of the patients in one study suffered minor toxicity, including elevation of liver enzyme levels that necessitated withdrawal from that study. 34 This high incidence of minor toxicity was not seen in the other trials. Severe toxicity was rare and no deaths occurred. Gastrointestinal toxicity was only experienced by patients receiving 15 mg of MTX in one study, 14 and although other toxicity in all of the studies was not necessarily dose-related, it was usually controlled by lowering the weekly dose.
Psoriatic arthritis
The earliest, most extensive use of MTX for nonmalignant diseases was its application for the treatment of psoriasis. The first controlled study of the treatment of psoriasis with MTX was published in 1963 35 ; the drug was found to produce statistically significant improvement in the cutaneous manifestations of the disease. Because inflammatory arthritis accompanies the skin disease in a subset of patients, these same authors were able to report their experience in uncontrolled tests with MTX given in doses of 2.5-5 mg per day for six-day courses to 22 patients with psoriatic arthritis. Nineteen of 22 patients reported improvement of joint symptoms and tolerated the drug.
Although the first controlled trial of MTX in psoriatic arthritis demonstrated its effectiveness in reducing arthritic symptoms, drug toxicity was a major problem. 36 Unfortunately, these investigators chose an arbitrarily high parenteral dose, beginning at 1 mg/kg/wk and raising the dose during three weeks to 3 mg/kg/wk in 21 patients. Toxicity was dramatic. Serious side effects occurred in 13 patients, including leukopenia in one and thrombocytopenia possibly contributing to the death of another patient. The authors concluded that "... this type of therapy requires unusual caution. ..." The serious toxicity reported in this paper, and simultaneous reports documenting fibrosis and cirrhosis in some patients who received the drug over months to years, 37 " 39 dampened most clinical investigators' enthusiasm for methotrexate.
However, a few studies continued. From 1964 through 1982, uncontrolled trials of a total of 126 patients were reported ( Table 2) . [40] [41] [42] [43] [44] The drug appeared to be effective in 60-80% of patients but toxicity was a problem. The authors used a variety of doses and dosing schedules. A study of 59 patients, in which an initial dose of 15 mg per week was employed, reported that the drug was effective in 82%, and more importantly that toxicity was seen in only 10%. 41 One controlled study appears in the literature, comparing 16 patients who received 7.5-15 mg of MTX per week with 21 patients who were given a placebo. 45 Although this study showed statistically significant improvement with MTX in arthritic symptoms using only one parameter, physician's global assessment, there was a trend toward improvement in all other measures of efficacy in the MTX-treated patients. In addition, this study was flawed by its short duration of only 12 weeks and relatively small patient population. Most rheumatologists view this as a positive study and think that MTX is a useful drug in the treatment of psoriatic arthritis in patients who have not responded to maximum doses of nonsteroidal anti-inflammatory drugs.
Reiter's syndrome
Reiter's syndrome, another of the spondyloarthropathies, is classically defined by the clinical triad of urethritis, conjunctivitis, and arthritis. As in the treatment of psoriatic arthritis, nonsteroidal anti-inflammatory drugs are suggested as initial therapy for the asymmetric, inflammatory arthritis. MTX may be chosen for chronic, resistant disease.
A recent review summarizes the other published cases. 46 Joint symptoms improved in 75% of patients within one or two months of treatment. Cutaneous and systemic manifestations generally improved more rapidly, within the first two to four weeks. In most cases, the drug was well tolerated. Adverse reactions to MTX resulted in discontinuation of therapy in three of seven patients given daily doses, compared with only one of 13 patients receiving pulse, weekly doses, suggesting that the daily dose regimen was more toxic.
Methotrexate in other connective tissue diseases
Inflammatory myositis
Among the connective tissue diseases, corticosteroid-resistant inflammatory myositis, includ- ing polymyositis and dermatomyositis, is the only disease in which MTX is recognized as standard therapy. 47 There have been at least 39 patients with adult inflammatory myositis reported in the world literature [48] [49] [50] [51] [52] [53] (Table 3 ). In the earliest report, four patients who had not responded to 40-60 mg of prednisone per day were treated with parenteral MTX 25-100 mg per week, combined with corticosteroids. 48 All experienced improvement in disease parameters within six weeks of initiation of MTX therapy. Manageable toxicity was seen in three of four patients. The remaining 35 patients in the other studies were treated using similar dosages and schedules. Twenty-nine of 35 (83%) improved within 10-13 weeks after MTX was given. Eighteen of 35 (52%) experienced toxicity. Most of these adverse reactions were mild, including stomatitis, nausea, and alopecia, and were managed by dosage manipulation. Major toxicity in the form of pulmonary symptoms occurred in three cases. 50 ' 5 In two of these patients a daily dose schedule was used. One of these two patients died of respiratory failure. 51 All but one of the reported 39 patients had not responded to prednisone 40-60 mg per day or its equivalent given for at least two months. In addition, six patients had not responded to other cytotoxic drugs including azathioprine and cyclophosphamide. 52 One other paper deserves mention. Two cases of particularly resistant myositis, which had not responded to the combination of MTX and prednisone, did respond when daily chlorambucil was added to the treatment regimen. 54 The use of MTX in the treatment of childhood dermatomyositis has also been described in three papers that reported a total of 10 patients. [55] [56] [57] Disease activity was reduced in seven of the 10 patients. However, toxicity was seen in five out of 10 patients because of the high doses used. Four of these patients received 1 mg/kg of MTX per week. 56 Death occurred in one of these patients from sepsis following neutropenia. When a similar dose was given every two weeks, only one of five patients suffered an adverse effect. 55 Nine of the 10 patients reported in these papers had not responded to long-term, high-dose daily prednisone.
Methotrexate in vasculitis
Current therapy of the systemic vasculitides, which include polyarteritis nodosa, Wegener's granulomatosis, and hypersensitivity angiitis, consists of moderate to high daily doses of prednisone and cyclophosphamide. There are three reports of a total of four patients with polyarteritis nodosa in whom MTX was given as therapy, combined with high-dose corticosteroids in two cases 58 ' 59 and as the sole agent in two other cases. 60 Parenteral doses of approximately 25 mg of MTX per week were given and response was reported in three of four patients, at 18 weeks in one 58 and "after the second dose" (10-14 days) in the other two. 60 Toxicity was neither emphasized nor reported in these papers.
There is only one report of two patients with Wegener's granulomatosis treated with MTX. 61 Both patients responded to initial intravenous therapy of 50 mg per week. MTX was used alone in one case and combined with 25 mg prednisone daily in the other. Symptomatic response was observed after one week in both patients. The dose of MTX was gradually reduced in both cases. During follow-up periods of 26 and 30 months, toxicity was not seen.
Lupus erythematosus
There are no reports of the use of MTX in the treatment of systemic lupus erythematosus in the United States medical literature. In the British literature, one patient with lupus erythematosus was given MTX in a dose of 2.5 mg per day for seven weeks. 43 The author saw no apparent response. In the Scandinavian literature four patients received a combination of MTX and azathioprine. 62 The dose of MTX ranged from 12.5-20 mg per week combined with azathioprine 1-2 mg/kg/day. Only one of the four patients appeared to benefit. These authors thought that azathioprine was more effective. However, a report from Switzerland, in which MTX was given in doses of 7.5-15 mg per week alternating monthly with azathioprine 1-2 mg/ kg/day in an unspecified number of patients, suggested that it was useful. 63 
Miscellaneous
Anecdotal reports have documented MTX use with benefit in sarcoidosis, 64 cyclitis, 65 and midline granuloma. 66 To our knowledge there are no reports of the use of MTX in the treatment of ankylosing spondylitis. Because of its apparent usefulness in psoriatic arthritis and Reiter's syndrome, its use as therapy for ankylosing spondylitis, a similar spondyloarthropathy, should be studied.
Intra-articular methotrexate
Five studies have reported the results of intraarticular MTX in the treatment of rheumatoid arthritis or psoriatic arthritis 67 " 71 ( Table 4) . In one study, 0.035 mg/kg of MTX combined with 1 mL of xylocaine and 1 mL of dexamethasone was compared with 1 mL of dexamethasone and 1 mL of xylocaine in the knees of patients with rheumatoid arthritis. 67 Synovial hypertrophy, joint circumference, the degree of effusion, and tenderness all responded best to the MTX combination, which had a lasting effect (mean 3 months versus 1-5 days). On the other hand, an uncontrolled study of four patients 68 and controlled studies comparing MTX with triamcinolone, 69 hydrocortisone, 7 and saline injection 71 failed to show that MTX was more beneficial than the control therapy. Most of these authors used relatively small intra-articular doses (2.5-5.0 mg). Four patients in one report 69 who were given up to 20 mg of intra-articular MTX showed improvement that did not reach statistical significance.
The information from three studies 68, 69 ' 71 suggests that when MTX is given as an intra-articular injection without the benefit of a long-acting corticosteroid, it is ineffective. In addition, the controlled study by Marks et al 70 of 12 patients failed to show that the combination of hydrocor- 10-50 (7-20 weeks) 86 36% (5) 64% (9) 21% (3) 0 * The incidence of minor toxicity shows a trend to vary directly with the magnitude of the weekly dose.
tisone and 5 mg of methotrexate was any more effective than 50 mg of hydrocortisone alone. Because the only study showing that intra-articular methotrexate was effective was the controlled study of nine patients by Tiliakos et al, 67 if MTX is to be used at all, it should be combined with a long-acting corticosteroid preparation.
Methotrexate toxicity
Risk factors
The first clinical researchers to use folate analogs in the treatment of psoriasis administered aminopterin in daily doses of 0.5-1 mg and later MTX in daily doses of 2.5 mg per day with rest periods. 72 The apparent effectiveness of MTX encouraged other clinicians to adopt this regimen in the early 1960s. 73 By the late 1960s, it was clear that MTX was effective therapy for psoriasis but debate began concerning the safest method of administration. The oncology experience with higher-dose therapy clearly demonstrated that daily administration was more toxic than intermittent administration. 74, 75 At the same time, it became clear that hepatic fibrosis and cirrhosis often complicated prolonged therapy with MTX, adding fuel to the debate. These histologic hepatic changes were encountered in 24-55% of patients treated with daily-dose MTX, 76, 77 but were less often seen when the drug was given on an intermittent or pulse schedule. 78, 79 This work and the findings of a multicenter cooperative study 80 served to identify risk factors associated with hepatocellular toxicity.
The most significant factors are the frequency of administration of MTX and the simultaneous use of moderate alcohol in patients receiving the drug. Daily-dose MTX or a frequency of administration exceeding 12 days per month 77 is clearly associated with liver toxicity, as is regular alcohol consumption of 1-3 ounces (28-84 g) or more per day. 80 In addition, diabetic or obese patients are at a greater risk of steatosis at liver biopsy and might be at a greater risk of fibrosis. In some studies, a high cumulative dose (> 1.5 g) is also thought to be a factor, 80 although other studies have not confirmed this relationship.
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Minor toxicity
Long-term therapy with low-dose, weekly, pulse MTX is well tolerated in our experience. We reported a retrospective analysis of 87 patients who had received a mean weekly dose of 8.9 mg MTX and had been followed up for a mean of 42 months. 83 From this retrospective chart review we could document toxicity in only 24 patients, an overall incidence of 29% ( Table  5) . MTX was discontinued in only four patients as a direct result of toxicity. A similar retrospective study of 78 patients followed up for 15 years reported the same low incidence of toxicity. 29 Retrospective studies provide a good estimate of the percentage of patients who prove intolerant to a drug, but they have the inherent weakness of under-reporting minor toxicity. The incidence of toxicity was higher in 21 patients from Connecticut who were followed up prospectively for a mean of 42 months and who received a mean calculated weekly dose of 12.01 mg of MTX.
20 Twelve (57%) of these patients experienced side effects, including transient elevation of liver transaminases in seven, gastrointestinal upset in seven, stomatitis in three, thrombocytopenia, herpes zoster, and acute "hypersensitivity" hepatitis in one patient each. MTX was discontinued in four (19%) patients.
An even higher incidence of minor toxicity (73.6%) has been reported in 72 patients. 84 As in other studies, this minor toxicity rarely led to discontinuation of the drug and could be managed by adjusting the dose. A review of uncontrolled clinical trials suggests that there is a trend toward a higher incidence of minor toxic events directly related to the magnitude of the weekly dose ( Table 6 ).
Major toxicity
The occurrence of major toxicity in reported series is low. Mild thrombocytopenia (< 100,000/ mm 3 ) may occur 17 in approximately 10% of patients (personal communication). However, clinically significant cytopenia or serious infection is very rare. Acute "hypersensitivity" hepatitis that occurred in the first few weeks of treatment has been reported 20 but has not been encountered by others. Herpes zoster can be expected in 1-2% of treated patients.
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Pulmonary toxicity: Reports of acute, lifethreatening pulmonary toxicity are worrisome. Patients with this problem present with acute or subacute nonproductive cough and dyspnea. Diffuse interstitial and alveolar infiltrates are seen on the chest radiograph. Hypoxemia with arterial oxygen pressure falling below 50 mmHg is common. Treatment consists in the discontinuation of MTX and institution of supportive measures. Some authors 84 administer corticosteroids (1 mg/ kg/day of prednisone) after infection has been excluded. We believe that the dose schedule employed may be an important factor in the etiology of pulmonary toxicity. 85 This kind of toxicity appears to occur more often in patients who receive the drug each week in three equal doses separated by 12-hour intervals than in patients receiving the entire dose within 12 hours each week.
Liver toxicity: Chronic liver toxicity taking the form of grade III fibrosis or cirrhosis is another major potential problem with methotrexate. As already discussed, the incidence of fibrosis or cirrhosis in patients treated with long-term MTX for psoriasis has been shown to be 6-5 5 %. 76 ' 77 ' 80 At the present time there are seven prospective studies [86] [87] [88] [89] [90] [91] [92] in which liver biopsies have been obtained from patients with rheumatoid arthritis who have been treated with the drug (Table 7) . Although the incidence of fatty change is reported to be as high as 99% 91 and that of lowgrade fibrosis as high as 35%, 89 cirrhosis has not been encountered. Histopathologic abnormalities are common in untreated patients with rheumatoid arthritis. In fact, the incidence of fatty change and fibrosis was found to be no higher in treated patients than in control patients with rheumatoid arthritis. 87 ' 92 These studies demonstrate that the incidence of serious long-term liver toxicity in patients with rheumatoid arthritis treated with pulse, low-dose MTX is considerably lower than the incidence seen in the earlier psoriasis literature.
At present, our group does not require interval liver biopsy nor do we require pre-MTX biopsy. Although in some patients, hepatic enzymes may be normal despite histologic pathologic findings, 80 we continue to monitor these enzymes on a regular basis. Obesity, suspected alcohol abuse, insulin-dependent diabetes, or chronic elevation of hepatic enzymes (including alkaline phosphatase) influence our decision regarding liver biopsy.
Potential toxicity: When cytotoxic drugs are used to treat patients for conditions other than malignant disease, clinicians are faced with the potential of teratogenesis and oncogenesis. MTX is clearly teratogenic when given at conception or during the first three months of gestation. 93 In the male it may cause reversible oligosper-mia. 94 However, unlike the alkylating agents cyclophosphamide and chlorambucil [95] [96] [97] and the antimetabolite azathioprine, 98 MTX has not been shown to be carcinogenic in either high-dose or low-dose therapy.
99 "
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Therapeutic implications
The treatment of all of these diseases is palliative. In rheumatoid arthritis and most of the other conditions, it is often necessary to maintain therapy for years. Therefore, the agents used should not only be effective but also must be safe and carry a low rate of dropout from adverse effects. These agents must also be compatible with many other drugs or modalities. Low-dose MTX can be used to maintain control of rheumatoid arthritis for many years 19 ' 20 ' 29 ' 83 and in most patients appears to be safe for long-term use. It is also compatible with a variety of drugs used in the treatment of connective tissue diseases, including hydroxychloroquine, nonsteroidal anti-inflammatory drugs, and prednisone. 83 We believe that the incidence of minor toxicity can be limited by maintaining the dose of MTX at or below 12.5 mg per week, by giving the total dose at one time, and by careful monitoring of renal function. We also use folic acid as another theoretical measure to reduce toxicity. This is given in equal-milligram oral doses five days after MTX is administered. Animal studies suggest that folate might provide a direct protective effect by displacing MTX from the enzyme dihydrofolate reductase, 104 ' 105 however, this is controversial. Weekly folate may simply prevent subclinical folate deficiency, which is associated with a higher incidence and severity of toxicity in cancer patients treated with MTX.
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Patient selection to limit toxicity is also important. Regular alcohol use should be discouraged. Patients with a previous history of liver disease are not considered candidates for this drug without a pretreatment biopsy. Because the elimination of MTX largely depends on renal excretion, patients with kidney disease and creatinine clearance below 60 mL/min should be excluded from treatment. Proteinuria has been shown to interfere with the renal excretion of MTX, 30 and because this can result from previous treatment with gold compounds or d-penicillamine in patients with rheumatoid arthritis, patients so treated should be monitored carefully. Neither obesity nor mild diabetes appear in our experience to be associated with a higher incidence of side effects, 83 but insulin has been shown to enhance MTX's cytotoxicity to human breast cancer cells. 107 This combination might theoretically lead to increased toxicity.
When MTX is compared with other cytotoxic agents and with the disease-modifying drugs used to treat rheumatoid arthritis, it appears to be at least as safe. Our 29% incidence of toxicity with MTX 83 compares very favorably with short-term toxicity from cyclophosphamide (90% of patients in a 32-week study).
108 Toxicity with MTX appears to be similar to that encountered with azathioprine, the use of which resulted in an overall incidence of toxicity of 33% of 12 patients receiving the drug for a period of 40 months. 109 Certainly, toxicity from MTX is less frequent than the 48% incidence seen in 200 patients treated with d-penicillamine and followed up for at least two years, 110 and is comparable to the 29% long-term toxicity reported for parenteral gold. 111 In a recent prospective report, the dropout rate with MTX was lower than that seen with either parenteral gold or d-penicillamine 18 during a mean follow-up period of 2.5 years.
With careful selection and regular monitoring for toxicity, MTX can be used safely for the treatment of rheumatoid arthritis. It may also have a role in the treatment of a variety of other inflammatory or autoimmune conditions.
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